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Scientific summary

Background

Vasopressors are life-sustaining drugs that are administered to patients in critical care to avoid
hypotension, which is associated with myocardial injury, kidney injury and death. However, they work
by causing vasoconstriction, which may reduce blood flow and cause other secondary effects on
cardiac, metabolic, microbiome and immune function.

To guide vasopressor administration, doctors typically prescribe a mean arterial pressure target and
bedside nurses adjust the dose/rate of vasopressor infusions to achieve the target mean arterial
pressure. The 2012 Surviving Sepsis Campaign guidelines recommended maintaining a mean arterial
pressure of > 65 mmHg (Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al.
Surviving Sepsis Campaign: international guidelines for management of severe sepsis and septic shock,
2012. Intensive Care Med 2013;39:165–228); however, the guidelines were based on low-quality
evidence and did not provide guidance for an upper limit. The guidelines also suggested a higher mean
arterial pressure target for older patients and those with chronic hypertension, recommendations
that were later removed in 2016. Studies suggest that, as the optimal mean arterial pressure target is
not well established, clinicians tend to err on the side of targeting higher mean arterial pressures,
potentially exposing patients to greater doses and durations of vasopressors than may be necessary.

An individual patient data meta-analysis of two randomised clinical trials that evaluated different mean
arterial pressure targets suggested that increased exposure to vasopressors, through targeting higher
mean arterial pressures, may be associated with a greater risk of death in older critically ill patients
(Lamontagne F, Day AG, Meade MO, Cook DJ, Guyatt GH, Hylands M, et al. Pooled analysis of higher
versus lower blood pressure targets for vasopressor therapy septic and vasodilatory shock. Intensive
Care Med 2018;44:12–21; Lamontagne F, Meade MO, Hébert PC, Asfar P, Lauzier F, Seely AJE, et al.
Higher versus lower blood pressure targets for vasopressor therapy in shock: a multicentre pilot
randomized controlled trial. Intensive Care Med 2016;42:542–50; and Asfar P, Meziani F, Hamel JF,
Grelon F, Megarbane B, Anguel N, et al. High versus low blood-pressure target in patients with septic
shock. N Engl J Med 2014;370:1583–93).

Aim and objective

Aim
The aim was to estimate the clinical effectiveness and cost-effectiveness of reduced vasopressor
exposure through permissive hypotension (i.e. a lower mean arterial pressure target of 60–65 mmHg)
in older critically ill patients.

Objective
The objective was to estimate the clinical effectiveness and cost-effectiveness of permissive
hypotension when compared with usual care.

Methods

Trial design and governance
The 65 trial was a pragmatic, multicentre, parallel-group, open-label, randomised clinical trial of
reduced exposure to vasopressors through permissive hypotension (i.e. a lower mean arterial pressure
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target of 60–65mmHg), with an integrated economic evaluation. The trial was nested in the Case Mix
Programme (i.e. the national clinical audit for adult critical care). The Health Research Authority
(London, UK) and the South Central – Oxford C Research Ethics Committee (Oxford, UK) approved
the trial. The National Institute for Health Research convened a majority independent Trial Steering
Committee and an independent Data Monitoring and Ethics Committee. The trial was sponsored by the
Intensive Care National Audit & Research Centre (London, UK) and co-ordinated by the Intensive Care
National Audit & Research Centre Clinical Trials Unit.

Participants: sites and patients
Based on Case Mix Programme data, a sample size of 2600 patients (i.e. 1300 patients per group)
was calculated to provide 90% power to detect as statistically significant (p < 0.05) a 6% absolute
risk reduction.

Across 65 NHS adult general critical care units (‘sites’), patients were screened and randomised if:

l they were aged ≥ 65 years
l they had vasodilatory hypotension (assessed by treating clinician)
l they had started an infusion (for at least 1 hour) of vasopressors within the prior 6 hours

(if noradrenaline, then a minimum infusion rate of 0.1 µg/kg/minute was required)
l they had adequate fluid resuscitation completed or ongoing
l vasopressors were expected to be continued for ≥ 6 further hours.

Owing to the emergency and time-sensitive nature of critical care and vasopressor administration,
the Research Ethics Committee granted an emergency waiver of consent and a research without prior
consent model was used (i.e. consent was sought after randomisation). Patients were randomised
(by telephone or internet) in a 1 : 1 ratio, using permuted blocks of variable length and stratified by
site to either the permissive hypotension (intervention) group or the usual-care (control) group.

Treatment groups
‘Permissive hypotension’ aimed to reduce exposure (i.e. dose and duration) to vasopressors through use
of a lower mean arterial pressure target range (60–65 mmHg) to guide vasopressor administration.
The choice of vasopressor was at the discretion of the treating clinician, with administration (aside
from the mean arterial pressure target) as per local practice and guidelines. The decision to discontinue
vasopressors depended on the patient’s ability to maintain the mean arterial pressure targeted by the
protocol without vasopressors. Clinical teams were actively reminded to consider discontinuing
vasopressors if patients were able to maintain mean arterial pressure values of at least 60 mmHg.

Patients randomised to the usual-care group received usual vasopressor exposure (including the mean
arterial pressure target) at the discretion of the treating clinician and as per local practice and guidelines.

Treating clinician(s) were aware of treatment allocations. All other usual care was provided at the
discretion of the treating clinical team, as per local practice.

Outcome measures
The primary clinical outcome was all-cause mortality at 90 days. The primary cost-effectiveness
outcome was incremental net monetary benefit at 90 days.

Secondary outcomes were mortality at discharge from critical care and acute hospital; duration of
survival to longest available follow-up; receipt and duration of advanced respiratory and renal support
during the critical care stay; days alive and free of advanced respiratory support and renal support to
28 days; duration of critical care and acute hospital stay; and questionnaire assessment of cognitive
decline (using the Informant Questionnaire on Cognitive Decline in the Elderly short version) and
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health-related quality of life (using the EuroQol-5 Dimensions, five-level version) at 90 days and 1 year.
Secondary economic outcomes included resource use, costs and incremental net monetary benefit at
1 year. Adverse events were monitored to critical care unit discharge.

Data sources
A secure, dedicated electronic case report form enabled trial data to be entered by local site research
teams. To maximise efficiency, trial data were linked to the Case Mix Programme (via the Intensive
Care National Audit & Research Centre) and national death registrations (via NHS Digital) for patient
characteristic, treatment and outcome data. Surviving patients were mailed questionnaires at 90 days
and 1 year, with telephone follow-up to non-responders.

Analysis principles
Analyses followed the intention-to-treat principle and tested for superiority, following a prespecified
published statistical analysis plan. A p-value of 0.05 was considered statistically significant. All tests
were two-sided, with no adjustment for multiple comparisons. Effect estimates were reported with
95% confidence intervals. Continuous variables were reported as means and standard deviations or
medians and interquartile ranges. Categorical variables were reported as counts and proportions.
Missing data were handled by multiple imputation.

Analysis methods
Fisher’s exact test compared between-group differences in the primary clinical outcome. The absolute
risk reduction was reported with 95% confidence intervals and without adjustment as the primary
effect estimate. Secondary and sensitivity analyses of the primary outcome were conducted, including
an analysis adjusted for baseline data using multilevel logistic regression with a random effect of site.
We also carried out prespecified subgroup analyses of the primary outcome testing interactions for
age, chronic hypertension, chronic heart failure, atherosclerotic disease, Intensive Care National Audit
& Research Centre risk of death score, Sepsis-3 category and vasopressors received at randomisation.
Likelihood ratio tests were used to compare models with and without the relevant interaction terms.

The cost-effectiveness analyses took an NHS and Personal Social Services perspective, as recommended
by the National Institute for Health and Care Excellence (London, UK), and reported quality-adjusted
life-years by combining survival data with EuroQol-5 Dimensions, five-level version, index scores that
used the valuation set for England. We estimated the corresponding incremental net monetary benefit
by valuing incremental quality-adjusted life-years at the National Institute for Health and Care Excellence
recommended threshold (£20,000) for a quality-adjusted life-year gain and subtracting incremental costs.
The main assumptions were subjected to extensive sensitivity analyses.

Results

Sites and patients
Across the 65 sites, 2930 potentially eligible patients were identified, of whom 2600 were randomised
between 3 July 2017 and 16 March 2019. Randomisation occurred 24 hours per day and 7 days per
week. Two patients were randomised twice, resulting in 2598 unique patients (permissive hypotension,
n= 1291; usual care, n= 1307). After accounting for refusals and withdrawals of consent, 2463 patients
were analysed for the primary outcome (permissive hypotension, n = 1221; usual care, n = 1242).
The randomised groups were well matched at baseline. In both groups, the mean age of patients was
75 years and just under half (46%) had chronic hypertension. Prior to randomisation, the mean arterial
pressure was 69.9 mmHg in the permissive hypotension group and 71.1 mmHg in the usual-care group.
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Clinical management
Vasopressor management diverged immediately post randomisation. During the first episode of
vasopressors, permissive hypotension resulted in a lower exposure to vasopressors than did usual care,
in terms of both mean duration (46.0 vs. 55.9 hours, mean difference −9.9 hours, 95% confidence
interval −14.3 to −5.5 hours) and mean total noradrenaline-equivalent dose (31.5 mg vs. 44.3 mg,
mean difference −12.8 mg, 95% confidence interval −18.0 mg to −7.6 mg).

Mean and peak mean arterial pressure values were lower in the permissive hypotension group. One or
more occurrence of non-adherence occurred in 153 (11.9%) patients and, overall, non-adherence
represented 6% of the total time receiving vasopressors in the permissive hypotension group.

Clinical effectiveness

Primary outcome
At 90 days, 500 (41.0%) patients in the permissive hypotension group and 544 (43.8%) patients in the
usual-care group had died (absolute risk difference –2.85%, 95% confidence interval –6.75% to 1.05%;
p = 0.154).When adjusted for prespecified baseline variables, the odds ratio for 90-day mortality was 0.82
(95% confidence interval 0.68 to 0.98), compared with an unadjusted odds ratio of 0.89 (95% confidence
interval 0.76 to 1.04). Secondary and sensitivity analyses did not significantly alter the primary result.

There was no evidence of heterogeneity of treatment effect according to prespecified subgroups;
however, differences by chronic hypertension status were observed. For patients with chronic hypertension,
90-day mortality was 38.2% in the permissive hypotension group and 44.3% in the usual-care group
(adjusted odds ratio 0.67, 95% confidence interval 0.51 to 0.88), compared with 43.3% and 43.4%,
respectively, in patients without chronic hypertension (adjusted odds ratio 0.97, 95% confidence
interval 0.76 to 1.24) (test of interaction p = 0.047, not adjusted for multiple testing).

Secondary outcomes
At acute hospital discharge, 484 (39.3%) patients in the permissive hypotension group and 519 (41.5%)
patients in the usual-care group had died (absolute risk difference –2.23%, 95% confidence interval
–6.09% to 1.63%). Mean days alive and free of renal support to day 28 was 17.4 (standard deviation
13.2) days and 16.7 (standard deviation 13.4) days for permissive hypotension and usual care,
respectively. Other secondary outcomes, including critical care unit and acute hospital length of stay,
were similar between the groups. Cognitive decline, assessed in survivors at 90 days and 1 year using
the Informant Questionnaire on Cognitive Decline in the Elderly, was also similar.

Cost-effectiveness
At 90 days, the average cost and mean EuroQol-5 Dimensions, five-level version, index scores were similar
between groups. After adjustment for baseline characteristics, the incremental life-years and quality-
adjusted life-years were higher in the permissive hypotension group, with the majority of points (95%) in
the quadrants on the cost-effectiveness plane where permissive hypotension had higher mean quality-
adjusted life-years. Hence, the incremental net monetary benefit for permissive hypotension compared with
usual care was positive, but with a wide confidence interval. At £20,000 per quality-adjusted life-year, the
incremental net monetary benefit was £378 (95% confidence interval −£1347 to £2103). The probability
that permissive hypotension is cost-effective is 70% at the £20,000 per quality-adjusted life-year threshold.

Conclusions

In patients aged ≥ 65 years who received vasopressors for vasodilatory hypotension, permissive
hypotension did not significantly reduce mortality at 90 days. The absolute treatment effect on 90-day
mortality, based on the 95% confidence intervals, was between a 6.8-percentage reduction and a
1.1-percentage increase in mortality at 90 days.

SCIENTIFIC SUMMARY: THE 65 RCT

NIHR Journals Library www.journalslibrary.nihr.ac.uk

vi



Implications for health care
Our results suggest that reducing exposure to vasopressors through permissive hypotension is unlikely
to be harmful and may even be beneficial for older critically ill patients, in keeping with recent trends
in reducing the intensity of other critical care interventions and associated side effects.

Recommendations for research

Recommendation 1
The opportunity to pool our data with those of the two previous randomised clinical trials (Lamontagne F,
Meade MO, Hébert PC, Asfar P, Lauzier F, Seely AJE, et al. Higher versus lower blood pressure targets
for vasopressor therapy in shock: a multicentre pilot randomized controlled trial. Intensive Care Med
2016;42:542–50; and Asfar P, Meziani F, Hamel JF, Grelon F, Megarbane B, Anguel N, et al. High versus
low blood-pressure target in patients with septic shock. N Engl J Med 2014;370:1583–93) will give
additional power for evaluating this group of patients, including other potentially important subgroups.
As this will include data from the UK, France and Canada, it will enhance generalisability and improve
knowledge on this important area for critical care worldwide.

Recommendation 2
Further research should study the efficient conduct of our trial, which used simple, straightforward
procedures and a research without prior consent model, to further understand the implications of
these procedures with the hope of producing guidance for future studies in the critical care setting.

Trial registration

This trial is registered as ISRCTN10580502.

Funding

This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 25, No. 14.
See the NIHR Journals Library website for further project information.
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